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Mixed transition metal nickel oxide materials (M-NiO; M = Co, Mn, Fe) supported on silicone nanofilaments (SNFs) were synthesized
via precipitation reaction with urea. All materials were evaluated for their OER activity in 0.1 M KOH, of which the Fe-NiO/SNFs
showed a notable improvement over NiO/SNFs and unsupported NiO. The results presented herein demonstrate the extension of
our previously reported synthesis for NiO/SNFs to yield SNF-supported mixed transition metal-oxide materials. The versatility
and scalability of the synthesis are particularly interesting for the facile preparation of three-dimensional, binderless electrodes for
alkaline water electrolysis applications.
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The urgency for efficient large-scale energy storage and conver-
sion systems continues to rise as the implementation of intermittent
renewable energy sources, such as wind and solar energy harvesting
plants, continues to become more prevalent. To meet this demand, the
electrolytic splitting of water is expected to play a key role due to its
ability to produce clean, carbon emission-free hydrogen fuel at high
pressure.1–3 Typically, the choice of highly active and stable electro-
catalysts for use in acid-based polymer electrolyte water electroly-
sis (PEWE) is restricted to the noble metal oxides (i.e. IrO2/RuO2),
the scarcity and high cost of which will largely impede widespread
commercialization. In the past decade, however, alkaline water elec-
trolysis has regained considerable attention as the development of
alkaline anion exchange membranes with improved ionic conductiv-
ity and stability continues to show significant progress.4–7 Alkaline
water electrolysis operates on the basis of the anodic oxygen evolu-
tion reaction (OER: 4OH− → 2H2O + O2 + 4e−) and concurrent
cathodic hydrogen evolution reaction (HER: 4H2O + 4e− → 2H2
+ 4OH−). The high pH environment associated with alkaline water
electrolysis greatly expands the repertoire of OER catalyst candidate
materials due to the heightened stability and relatively high activity of
transition metal oxides in basic media. To date, Ni-based oxides have
perhaps been the most promising OER catalysts for alkaline water
electrolysis in terms of cost, stability, and activity, especially those
containing Fe.8–11
Ni-based oxides have been widely explored as OER electrocata-
lysts for use in alkaline water electrolysis throughout the years and
even commercial systems currently utilize Ni-coated steel electrodes.9
More recently, the mixed metal hydroxides containing both Ni and
Fe represent some of the most widely investigated catalysts due to
the low OER overpotentials encountered in alkaline electrolytes and
also at near-neutral pH conditions.8,11–17 To date, however, most elec-
trodes for alkaline electrolysis are prepared as thin films on a two
dimensional (2D) substrate using methods such as electrodeposition,
dip-coating, or spin-coating. As a result, many research efforts have
been directed at developing three-dimensional (3D) electrode struc-
tures that offer much higher electrocatalytically active surface areas
while maintaining high mechanical stability, high electrical conduc-
tivity, and sufficient porosity to allow for efficient gas and liquid
transport.18–23
We have previously reported on the synthesis and extreme wetting
properties of silicone nanofilaments (SNFs).24–26 More recently we
have demonstrated their use as a 3D catalyst support for NiO, which
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has been shown to offer several benefits over unsupported NiO27 for
the OER in alkaline media. The chemical vapor deposition synthetic
process for preparing SNFs allows for the growth of thin films on
a variety of different surfaces, which could even be extended to the
direct growth on ion exchange membranes. Furthermore, the process
has been shown to be highly scalable, such that films can be grown
on extended surface areas of several square meters.28 The extensive
3D micro and nanostructure of the filaments offers a solid support
structure, which then negates the need for a binder. This is an added
advantage given that it has been shown that polymer-based binders
often diminish the enhancing effects of the nanostructure when con-
structing the final electrodes.
In this work we aim to extend our previous findings on
NiO/SNFs.27 Preparing NiO with the incorporation of alternative tran-
sition metal cations has been shown to lead to significant improve-
ments in OER activity, especially in the case of Ni-Fe oxides. Here
we show that our previously reported synthesis for NiO/SNFs can be
extended to yield M-NiO/SNFs (M = Co, Mn, Fe), which show an
improved catalytic activity when compared to NiO/SNFs.
Experimental Methods
Materials Preparation.—Fluorine doped tin oxide (FTO) coated
glass substrate (8  m−2, TCO30-8, Solaronix SA, Switzerland)
were cut in pieces of 25 mm × 25 mm × 3 mm. Trichloroethylsi-
lane (≥97%, Merck), nickel(II) nitrate hexahydrate (≥98.5%, Sigma-
Aldrich), cobalt(II) nitrate hexahydrate (≥98%, Sigma-Aldrich), man-
ganese(II) nitrate tetrahydrate (≥97%, Sigma-Aldrich), iron(II) chlo-
ride tetrahydrate (≥99%, Sigma-Aldrich) and urea (>99.5%, Fluka)
were used as received. Ultrapure water (18.2 M cm) was prepared
by a Simplicity water purification system (Millipore, USA).
Silicone nanofilament coating on FTO glass substrate.—FTO
glass substrates were ultrasonicated in a 10% (v/v) aqueous solution
of Deconex 11 Universal (Borer Chemie AG, Switzerland) for 15 min
at 50◦C, rinsed with bidistilled water and dried under a stream of nitro-
gen. It should be noted that although FTO is used as a substrate for the
scope of this study, other substrates (e.g., such as metal grids to allow
for the direct implementation of the coated grid in an electrolyzer)
would need to be used for technical applications. The cleaned FTO
glass substrates were put upright in a desiccator (volume: 6.5 L). The
sealed desiccator was then flushed with humidified nitrogen for 1 h to
obtain a relative humidity of 40% inside the desiccator. Afterwards,
trichloroethylsilane (500 μl, 3.8 mmol) was injected through a sep-
tum and the gas phase reaction proceeded for 4 h. Coated FTO glass
substrates were rinsed with bidistilled water, dried under a stream of
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nitrogen and activated by oxygen plasma treatment (power 100 W, 5
min) in a low pressure plasma generator (Femto, Diener Electronic,
Germany).
Preparation of Co, Mn or Fe-NiO covered silicone
nanofilaments.—Activated silicone nanofilament coated FTO glass
substrates were positioned upright in a custom made sample holder
placed in a beaker (diameter: 5 cm, volume: 150 mL). Ultrapure water
(100 mL) was added and the beaker was set in an ice bath. Under stir-
ring, first urea (1.02 g, 17.0 mmol) and then nickel nitrate hexahydrate
(3.71 g, 12.8 mmol) together with either cobalt nitrate hexahydrate
(0.41 g, 1.4 mmol), manganese nitrate tetrahydrate (0.36 g, 1.4 mmol)
or iron chloride tetrahydrate (0.28 g, 1.4 mmol) were added in small
portions. The reaction mixture was stirred in the ice bath for another
5 min. Subsequently, the beaker was put in an oil bath at 80◦C and
stirred for 6 h to produce the M-Ni(OH)2 samples (M = Co, Mn,
Fe). The samples were removed from the reaction solution, rinsed
with bidistilled water and left to dry at ambient conditions. After-
wards, the samples were calcinated in air by ramping the temperature
to 400◦C within 2 h and keeping 400◦C for 5 h to yield the M-NiO
(M = Co, Mn, Fe).
Physical characterization.—Powder X-ray diffraction (PXRD)
was performed on a STADI P diffractometer (STOE, Germany) in
transmission mode (flat sample holders, Ge monochromator and Mo
Kα radiation) equipped with a position sensitive detector. For PXRD
analysis Co, Mn or Fe-NiO covered silicone nanofilaments were
scratched off from FTO glass substrates.
Scanning electron microscopy (SEM) samples were mounted on
aluminum stubs with conductive carbon tape and sputter coated with
15 nm platinum. The SEM images were recorded on a Zeiss Supra 50
VP (Zeiss, Germany) at 2 kV using the inlens detector.
Transmission electron microscopy (TEM/STEM), selected area
electron diffraction (SAED) and energy dispersive X-ray (EDX) anal-
ysis were performed on a Tecnai G2 Spirit (FEI, The Netherlands) at
120 kV. Samples for TEM/STEM analysis were prepared by ultrason-
icating coated FTO glass substrate (approximately 1 cm2 cut in small
pieces) in ethanol (1 mL) for 1 min. Subsequently, some drops of the
dispersion were pipetted on formvar/carbon film coated aluminum
grid and dried in air.
Attenuated total reflectance Fourier transform infrared (ATR-
FTIR) spectra were recorded on a VERTEX 70 spectrometer (Bruker,
Switzerland) equipped with a MIRacle ATR device (Pike Technolo-
gies, Inc., USA) and a MCT detector cooled with liquid nitrogen.
Prior to ATR-FTIR measurements metal oxide resp. hydroxide cov-
ered silicone nanofilaments were scraped from FTO glass substrates.
Elemental analyses were performed by Mikroanalytisches Labor
Pascher (Remagen, Germany). Co, Mn or Fe-NiO covered silicone
nanofilaments were removed from FTO glass substrates for the ele-
mental analysis.
Electrochemical methods.—Electrochemical measurements were
performed in a home-made polypropylene (PP) 3-electrode electro-
chemical cell using a BioLogic (VMP-300) potentiostat. Working
electrodes were prepared by coating the M-NiO silicone nanofila-
ments onto a square of fluorine doped tin oxide (FTO; Ageo ≈ 6
cm2). Electrical contact was made at the top of the electrode using a
piece of Pt foil and an exposed electrode area of ca. 2.5–3.0 cm2 was
submerged in the electrolyte. A reversible hydrogen electrode (RHE)
served as the reference electrode and a piece of Au mesh served as
the counter electrode. All potentials reported refer to the RHE scale.
The electrolyte used for all experiments was 0.1 M KOH prepared
from pellets (semiconductor grade, 99.99% trace metal basis, Sigma
Aldrich), which was saturated with synthetic air prior to all measure-
ments. Cyclic voltammograms were collected in the range of 0.6 to
1.8 V at a scan rate of 10 mV s−1 for 30 consecutive cycles. Sub-
sequently, chronoamperometric measurements were performed in the
range of 1.2 to 1.7 V while holding for 1 hour at each potential step.
Cyclic voltammograms were then collected once again for 4 consec-
utive cycles. All measurements were repeated at least three times to
ensure reproducibility.
Results and Discussion
Physical characterization.—The thickness of the entangled, un-
coated silicone nanofilament (SNF) layer grown on fluorine doped tin
oxide (FTO) glass substrate was measured prior to the deposition of
M-Ni(OH)2 (M = Co, Mn, Fe) using scanning electron microscopy
(SEM, not shown) and ranged from 5 μm to 8 μm. Individual fila-
ments were approximately 20 nm–120 nm in diameter with a mean of
60 ± 20 nm. These observations are consistent with our previous
reports on SNFs, and SEM images representative of the uncoated net-
work can be found in Reference 27. After deposition of M-Ni(OH)2
and subsequent annealing at 400◦C, SEM studies (cf. Figures 1a–
1f) reveal the highly entangled, surface-bound network of SNFs that
are coated along their longitudinal axis with a shell of M-NiO. The
SEM analysis highlights the presence of interconnected petal-like
nanosheets that give rise to the 3D flower-like morphology of the NiO
nanostructures, which has been observed for α-Ni(OH)229–31 and Ni-
based layered double hydroxide (LDH) materials.32 The formation of
this distinct morphology was followed over the course of the reaction
(i.e. placing the SNF coated FTO in a solution of the metal precur-
sors and urea for 6 h at 80◦C). Figure S1a-c shows that the filaments
collapse and only an initial formation of the M-Ni(OH)2 layer is ob-
served after 2 hours of reaction time. On the contrary, after 6 hours
of reaction time the shell is completely developed and fully surrounds
the SNFs, exhibiting the characteristic morphology of interconnected
nanosheets (Figure S1d-f). Furthermore, a comparison of the mate-
rials before and after calcination shows no significant detrimental
effects on the structure caused by the calcination step (cf. Figures
S1d-f and Figures 1a–1f). As a result, the SNF network and shell mor-
phology are well preserved during the conversion of M-Ni(OH)2 to
the target M-NiO phase. Complimentary information regarding size
and morphology of the M-NiO shell was obtained through transmis-
sion electron microscopy (TEM/STEM) analysis. The TEM/STEM
observations further highlight the intricate intersecting nature of the
NiO nanosheets and corroborate that they surround the intact silicone
nanofilaments (Figures 1g–1l). The thickness of the Co- and Mn-NiO
nanosheets falls in the range of 22–50 nm, which is similar to the
NiO nanosheets reported previously for NiO/SNFs.27 The Fe-NiO
nanosheets are slightly larger and thinner with thicknesses ranging
from approximately 21–38 nm and a morphology closely resembling
that reported for Ni-Fe layered double hydroxide (LDH) materials.32
Furthermore, the TEM/STEM analysis revealed mesoporosity within
the M-NiO nanosheets (cf. Figure 1g–1l), which is an important feature
to facilitate the mass transport of the electrolyte.33 These porous fea-
tures are formed during the calcination step and have been attributed
to the evaporation of intercalated water.34
Figure 2 shows the powder X-ray (PXRD) diffractograms for
the M-NiO/SNFs after calcination. The observed reflections were
matched to the cubic NiO crystalline structure (JCPDS 00-047-1049),
which confirms the conversion of the calcined deposits to the targeted
nickel oxide phase. The sharp diffraction peaks clearly demonstrate
the high level of crystallinity obtained for the Co- and Mn-NiO/SNFs
samples. The polycrystalline nature of the M-NiO was further sup-
ported by selected area electron diffraction (SAED) ring patterns
(Figures 2b–2d). The diffraction rings match the (111), (200), (220),
(311) and (222) planes, which is in line with the PXRD results. In
contrast, the XRD pattern of Fe-NiO shows a lower degree of crys-
tallinity as evidenced by the significantly lower diffraction peak inten-
sity. This is in agreement with the SAED pattern which also exhibits
more diffuse diffraction rings. It should be noted that the positions of
the PXRD peaks corresponding to the NiO phase are close to those
of NiFe2O4, indicating that the Fe-NiO might also contain NiFe2O4,
which further suggests the formation of an additional Ni-Fe LDH
phase.
Although the ideal metal dopant concentration for mixed Ni-
M oxides is quite controversial in the literature, some studies have
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Figure 1. Electron microscopic characterization of the materials. Top-view and cross-sectional SEM images: (a,d) Co-NiO/SNFs, (b,e) Mn-NiO/SNFs, and
(c,f) Fe-NiO/SNFs. STEM images: (g) Co-NiO/SNFs, (h) Mn-NiO /SNFs, and (i) Fe-NiO/SNFs. TEM images: (j) Co-NiO/SNFs, (k) Mn-NiO/SNFs, and (l)
Fe-NiO/SNFs.
Figure 2. Powder X-ray diffractograms for the prepared M-NiO/SNFs (a), and the SAED ring patterns of Co-NiO (b), Mn-NiO (c), and Fe-NiO (d) indexed to
the lattice planes of cubic NiO (JCPDS card 00-047-1049).
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revealed that 10 mol % Fe dopant content7,11,35,36 provides the best
improvement in the OER activity for Fe-Ni oxides. Therefore this
was chosen as the target dopant concentration and was used for the
preparation of all M-NiO materials (M = Co, Mn and Fe) to main-
tain an identical synthesis route. The incorporation of the alternative
transition metals (Co, Mn, Fe) into the samples is confirmed in the
corresponding energy dispersive X-ray (EDX) spectra (cf. Figure S2).
In addition to the alternative transition metals and the elements of NiO
(Ni, O), the elements of the silicone nanofilaments (Si, O, C) were
also detected. The Al and C signals that arise can be attributed to the
formvar coated TEM-grid. A comparison of the peak ratios shows that
the concentration of the alternative transition metal is much higher in
Fe-NiO/SNFs than in the Mn-NiO/SNFs and Co-NiO/SNFs samples.
This is surprising since the same molar ratios were used for prepa-
ration of all the samples. Additional results obtained from elemental
analysis confirm this observation and show that the samples con-
tained 7.5 mol% Co, 2.1 mol% Mn, and 51.2 mol% Fe, respectively
(cf. Table S1). Analysis of the SEM images of the Fe-Ni(OH)2/SNFs
in Figure S1 suggests a two-stage process for the formation of the
inorganic shell. First, a deposition of particles on the SNFs occurs;
then, the nanosheets are formed. The TEM image shown in Figure
S3a confirmed the presence of two distinct structures. In addition,
the EDX point-spectra (cf. Figure S3b) reveal a higher iron-to-nickel
ratio in the particles than in the nanosheets. It should also be noted
that some red precipitate was observed on the bottom of the beaker
after the deposition of Fe-Ni(OH)2 on the SNF support structure.
This hierarchical structure made up of iron-rich particles and low iron
containing nanosheets may account for the relatively high amounts
of Fe detected in the as-deposited sample via EDX and elemental
analysis.
The ATR-IR spectra for the M-NiO/SNFs samples before and
after calcination are presented in Figure S4. The initial formation
of Ni(OH)2 is confirmed by the characteristic bands for the Ni-OH
lattice modes and O-H stretching modes in α-Ni(OH)2, which are
clearly observed prior to calcination at 600–800 cm−1 and 3620 cm−1,
respectively.37–39 The band at 1620 cm−1 has been ascribed to the hy-
droxyl deformation mode (O–H bending) of water molecules adsorbed
to the surface or within the layers of the material.32,38 Additionally,
the presence of incorporated anions such as carbonate (1600 cm−1
and 1400 cm−1) and cyanate (2250 cm−1) can be identified.37 The
narrow bands associated with these species arise from the thermal
decomposition of urea, which is used to precipitate Ni(OH)2 during
the synthesis. However, the vibrational bands associated with cyanate
and carbonate are no longer visible after calcination at 400◦C, con-
firming that they are successfully removed from the final product.
Similarly, the vibrational modes of nitrate, which is the counter ion
of nickel in the starting material, can be observed before calcina-
tion at ca. 1280–1340 cm−1.38 The absence of OH vibrational modes
after calcination further confirm the conversion of the as-deposited
M-Ni(OH)2 to the targeted M-NiO phase during the calcination step.
The additional broad band at 1200–900 cm−1 in the Fe-NiO spectra
can be attributed to the characteristic modes of the Si-O-Si chain of
the underlying silicone nanofilaments.
Electrochemical characterization.—We have previously demon-
strated that NiO/SNFs offer an improvement over unsupported NiO in
terms of OER activity.27 In order to evaluate the possible advantages
of including alternative transition metals in the NiO/SNFs materi-
als, we again evaluate the OER activity in alkaline media. Figure 3
presents the electrochemical behavior of the M-NiO/SNFs (M = Co,
Mn, Fe) in 0.1 M KOH. It should be noted that the current density
has been normalized by the total metal oxide loading on the electrode
in all cases. The cyclic voltammograms shown in Figures 3a–3d de-
pict the development of the M-NiO/SNFs materials over the course
of potential cycling between 0.6 and 1.8 V vs. RHE. The presence of
the anodic and cathodic Ni2+/Ni3+ redox peaks are clearly observed
in the case of the Co- and Mn-NiO/SNFs materials (Figures 3a and
3b). While the cathodic and anodic peak positions for NiO/SNFs were
reported to be 1.34 and 1.48 V vs. RHE27 (Figure 3d), the initial peak
positions (i.e. 2nd CV cycle) of the Co-NiO/SNFs (1.31/1.42 V) are
shifted to slightly lower potentials (Figure 3a). The slight shift to
lower potentials indicates that the trivalent Co facilitates the oxidation
of Ni2+ to Ni3+,13,40 although the shift is not nearly as prominent as
previous reports have indicated. This, however, can be rationalized
and supported by the EDX analysis (See Figure S2), which shows that
only a small fraction of Co is present. In Figure 3b we observe that
the Mn-NiO/SNFs also exhibit a shift in the Ni2+/3+ redox peaks
(1.27/1.47 V), but in this case the shift of the anodic and cathodic
peaks to higher and lower potentials, respectively, results in a wider
peak separation. Given that the cathodic peak undergoes a more sub-
stantial shift than the anodic peak, this may indicate that the incor-
poration of tetravalent Mn species help to stabilize the Ni3+ state. In
contrast to both the Co- and Mn-NiO/SNFs, however, the Ni redox
features of Fe-NiO/SNFs are significantly muted to the point where
they are essentially nonexistent (Figure 3c). This may be indicative of
an Fe-rich surface, which is in line with the relatively high Fe content
as detected by the elemental and EDX analyses. However, it is also
very likely that Fe helps to stabilize the Ni2+ oxidation state such that
the Ni2+/3+ redox couple is shifted to higher potentials. This effect
has been recognized by several authors recently in Ni-Fe hydroxide
materials.12,13,16,23 Furthermore, our observations for both the Ni-Fe
and Ni-Co based systems agree well with the charge transfer effects
that were recently reported by Bates et al.13
The final (31st) cycles of each electrode are compared in Figure
3e. From Figure 3e we observe that the magnitude of the Ni2+/3+ re-
dox peaks for the Co-NiO/SNFs and Mn-NiO/SNFs increases as the
electrode is cycled. This is agreement with previous studies indicat-
ing the formation of a hydrous Ni(OH)2/NiOOH layer upon electrode
cycling. Although it is well known that NiO undergoes a spontaneous
conversion to NiOOH once immersed in basic media, the increas-
ing magnitude of the Ni redox features clearly shows that the hydrous
layer and therefore the electrochemically active surface area continues
to grow with cycling. Accompanying the increase in peak magnitude,
however, is a simultaneous increase in the anodic/cathodic peak sep-
aration. This is particularly noticeable on the Mn-NiO/SNFs, which
indicates that the reversibility diminishes with cycling. This finding
can be attributed to a combination of two separate effects. On the
one hand, the growth of the hydrous surface layer contributes to the
increased surface electrochemically active surface area and therefore
the amplitude of the characteristic Ni2+/3+ redox features. On the other
hand, the wider peak separation is observed due to an increase in the
uncompensated resistance of the oxide film over the course of poten-
tial cycling as a result of limited diffusion within the extended growth
of the hydroxide layers of the material.
The corresponding Tafel plots are shown in Figure 3f and the
calculated parameters and uncertainties resulting from the averaging
of 3 separate polarization measurements are presented in Table I. The
Co- and Mn-Ni/SNFs materials show Tafel slopes of 39 ± 5 and 43
± 4 mV dec−1, respectively, which are comparable to the Tafel slope
of 50 ± 2 mV dec−1 that was previously reported for NiO/SNFs27
and indicates that the OER proceeds through a similar mechanism.
In contrast, the Fe-NiO/SNFs sample shows a significantly lower
Tafel slope of 18 ± 1 mV dec−1 over the same range of current
densities. Similar values have been reported previously for Ni-Fe
hydroxide materials,35,41 which may reflect an overlap of both the
OER and the Ni2+/Ni3+ redox couple operating simultaneously. It can
be observed, however, that the Tafel slope shifts to a value comparable
to that of the other M-NiO/SNFs samples (ca. 42 mV dec−1) at higher
current densities and therefore a value more representative of the OER
kinetics. Table I also presents the mass-based OER activities (E at
J = 10 A gox−1) derived from the steady-state polarization curves for
each sample. The calculated activity of the Co- and Mn-NiO/SNFs
samples both show a comparable activity to that of the pure NiO/SNFs.
This is in agreement with literature reports of mixed metal hydroxide
catalysts of similar composition (i.e. M-Ni concentration)17 and is
rather reasonable given the relatively low dopant metal content in
these samples. In general, the polarization measurements show the
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Figure 3. Cyclic voltammograms of Co-NiO/SNFs (a), Mn-NiO/SNFs (b), Fe-NiO/SNFs (c), and NiO/SNFs (d) in 0.1 M KOH recorded at 10 mV s−1. Solid lines
represent the 2nd cycle and dashed lines represent the final (31st) cycle prior to recording the polarization curve; comparison of the 31st cycle for all M-Ni/SNFs
materials (e); and the Tafel plots of M-NiO/SNFs in 0.1 M KOH (f). Steady state current values were measured after holding at the applied potential for 1 hour.
same general trend as reported in the literature10 with the highest
activity and lowest onset potential following the order Fe > Co >
Mn.
A comparison to the previously reported NiO/SNF indicates that
while the incorporation of low concentrations of Co or Mn offers no
obvious benefit, the incorporation of Fe into the NiO/SNFs results in a
notable improvement in the electrochemical OER activity. Given that
Table I. Tafel slope and electrochemical activity parameters for
the M-NiO/SNF electrodes.
Electrode Tafel Slope, mV dec−1 E @ J = 10 A gox−1, V
Co-NiO/SNFs 39 ± 5 1.60 ± 0.014
Mn-NiO/SNFs 43 ± 4 1.61 ± 0.015
Fe-NiO/SNFs 18 ± 1 1.54 ± 0.014
NiO/SNFs27 50 ± 2 1.61 ± 0.012
NiO/SNFs was already shown to provide a significant improvement as
compared to unsupported NiO, these results demonstrate the advan-
tages of using M-NiO/SNF over unsupported or pure NiO materials.
Conclusions
Silicone nanofilament-supported M-Ni (M = Mn, Co, Fe) oxide
materials were successfully prepared via an aqueous precipitation re-
action with urea and subsequent calcincation. The prepared materials
were shown to conform to the cubic NiO crystalline structure, except
for the Ni-Fe material which showed additional features characteris-
tic of NiFe2O4. All materials were shown to be active for the OER.
A direct comparison to the previously reported NiO/SNFs indicates
that while the incorporation of low concentrations of Co or Mn offers
no immediate benefit, the incorporation of Fe into the NiO/SNFs re-
sults in a notable improvement in the electrochemical OER activity.
Considering that NiO/SNFs have already been shown to significantly
enhance the OER activity versus unsupported NiO, the successful
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preparation of SNF-supported Ni-Fe oxide further demonstrates the
potential of SNFs to offer a suitable support structure for OER electro-
catalysts with improved activity. Further development and optimiza-
tion of the SNF-supported mixed metal oxides could lead to improved
binderless electrodes suitable to alkaline water electrolysis applica-
tions. The work presented herein serves as an efficient initial screening
tool for the M-NiO/SNFs electrocatalysts. Ongoing research efforts
are currently focused on the deposition of the M-NiO/SNFs catalysts
on industrially-relevant substrate materials to effectively demonstrate
that the advantages reported can be translated into working electrodes
in actual devices.
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